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Kt/V in CAPD by different estimations of V. This study compared the
measurements of total body water (TBW) by 58% body weight
(TBW58%), the Watson equation (TBWWV) and bioelectric impedance
(TBWBIA) with the gold standard, Deuterium oxide (TBWD2O) dilution
method in twenty continuous ambulatory peritoneal dialysis (CAPD)
patients. TBW volumes were highest when calculated as TBW58% (42.6
9.4 liter) and lowest when calculated from TBWWV (34.6 6.8 liter).
TBWBIA underestimated TBW when compared to TBWD2O, although
the difference was not statistically significant (37.1 9.8 liter and 38.8
9.3 liter, respectively). In fact, TBWBIA correlated strongly with
TBWD2O (r = 0.8, P < 0.0001). These discrepancies resulted in significantdifferences when Kt/V week' derived from the four methods were
compared. To determine the effect of percent fat mass on the estimation
of TBW by each method, we compared TBW and Kt/V week' derived
from the four methods in nine CAPD patients who had normal percent fat
mass (Non-Obese) and 11 CAPD patients who had greater than normal %
fat mass (Obese). In the Non-Obese group, there was close correlation of
TBWBIA, TBWWV and TBW58% when compared with TBWD2O (r
0.93, P < 0.001, r = 0.89,P < 0.01 and R = 0.86, P < 0.01, respectively).
Aiso, Kt/V week' derived from TBWBIA, TBWWV and TBW58%
correlated strongly with Kt/V week' from TBWD2O (r = 0.93, P <
0.0005, r = 0.83, P < 0.01 and r = 0.8, P < 0.01, respectively). In the Obese
patients, the correlations between TBWD2O and TBWBIA and TBWWV
were only moderate in strength (r = 0.67,P = 0.02 and r = 0.61, P = 0.04,
respectively). There was no significant correlation between TBW58% and
TBWD2O in the Obese group (r = 0.44, P = NS). KtIV week1 derived
from TBWBIA; TBWWV and TBW58% had only moderate correlation
with KtIV week' from D2O. Similar findings in TBW measurements and
Kt/V week1 were obtained in CAPD patients (N = 9) who had normal
BMI (<26 kglm2; termed, Normal Weight) and those who had BMI> 26
kg/m2 (N = 11; termed, Overweight; data not shown). Our results suggest
that the discrepancies in TBW and Kt/V in CAPD patients with different
body habitus were a result of relative body fat mass. Thus, in CAPD
patients who were not obese, all four methods gave good correlations of
TBW and Kt/V. Even though TBWBIA had the smallest bias and the best
correlation with TBWD2O, the wide limits of agreement between BL4 and
D2O dilution suggest that BIA is inappropriate at the present time for
assessing TBW in CAPD patients, especially in the obese. In the case of
discrepancy in KtIV and clinical outcome, adequacy of dialysis in CAPD
patients should be assessed by accurate measurement of V using the D20
dilution method.
Although adequacy of dialysis and its parameters are relatively
well established in hemodialysis, the application of KtIV in CAPD
remains ill defined. Kt/V is a term which is used to define
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adequacy of dialysis according to the total clearance of urea (K),
the duration of dialysis (t) and the urea distribution volume (V)
[11. To date, reports evaluating urea kinetics (using KtIV as its
quantitative index) as a useful predictor of peritoneal dialysis
outcome have yielded inconsistent results [2—5].
In contrast to hemodialysis where the mathematical analysis of
the blood urea profile allows a calculation of the urea distribution
volume, the constant blood urea level in CAPD makes the
distribution volume of urea difficult to calculate. Therefore, in
CAPD patients, the urea volume of distribution (V) is routinely
estimated as total body water (TBW) calculated as 58% of body
weight (58% wt) [6], or by calculations such as the Watson
equation (WV) which estimates V as a function of gender, height
and weight. These predictor equations for TBW were derived
from measurements on normal volunteers, and caution is required
when applying them to any patient group with an abnormal
nutritional status. In CAPD patients, due to the constant load of
glucose which can be absorbed in significant amounts during
peritoneal exchanges, body composition often deviates from nor-
mal because of an increase in percent body fat (% BF). Therefore,
TBW estimated by 58% wt and WV methods will yield inaccurate
calculations of Kt/V and inaccurate estimates of dialysis adequacy.
Bioelectrical impedance (BIA) is a non-invasive method of
measuring TBW by quantifying the body's resistance to the
passage of an electric current [7]. In particular, TBW volume is
inversely proportional to resistance [8] and the volume of distri-
bution for urea closely approximates TBW volume [9]. Thus, BIA
measurements of TBW are expected to be less dependent on fat
mass, hence, strengthening the use of KtIV for assessing dialysis
adequacy in CAPD patients of all body habitus types [10].
A current gold standard for measuring TBW uses the method of
Deuterium oxide dilution in the body [11] because D20 has the
same effective distribution volume as water and is exchanged by
the body in a manner similar to water.
The purpose of this study is to compare measurements of TBW
obtained by different methods (BIA, WV, 58% and D20) in a
cohort of CAPD patients. TBW measurements by the different
methods are expressed in liters as TBWBIA, TBWWV, TBW58%
and TBWD2O. TBW volumes are then substituted for V in the
calculation of KtIV. Also, the differences in Kt/V week1 deter-
minations as a result of different measurements of V are evaluated
and the effects of body composition on these discrepancies are
examined.
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Methods
Clearance studies were performed on twenty renal failure
patients who had been on CAPD for at least six months. The
patients had no peritonitis or hospitalization in the preceding
three months and were assessed to be at their ideal weight at the
time of the clearance studies. On the day of the study, prior
24-hour drained dialysate and urine specimens and blood samples
were obtained for determination of urea concentrations. Total
body water (TBW) and anthropometric measurements were both
carried out within a three hour session on the same day. A 2 kg
(liter) correction was applied to measurements of body weight and
TBW as measured by the different methods (all patients had
performed their first daily dialysis exchange and thus had a 2 liter
volume of dialysate fluid in situ at the time of TBW and
anthropometric measurements). Total urea clearance (peritoneal
plus urinary clearances) expressed as Kt/V was measured for the
24 hour period by substituting the sum of the actual daily dialysate
drainage and the daily residual renal clearances for Kt [12], and by
using different estimates of V obtained from the different meth-
ods. The resulting daily Kt/V values were multiplied by 7 to obtain
Kt/V week1.
Methods of measuring TBW(V) (litres)
(i) 58% wt method. TBW58% estimates were calculated as 58%
of actual body weight (kg) as determined by the patient's physi-
cian to be the lowest weight at which the patient could be
maintained without signs or symptoms of volume depletion.
(ii) Watson equation. TBWWV estimates were calculated using
the Watson equation as follows [13]: V = 2.447 — (0.09516 X age
in years) + (0.1074 X height in cm) + (0.3362 X weight in kg)
(males). V = —2.097 + (0.1069 x height in cm) + (0.2466 X
weight in kg) (females).
(iii) BIA method. Tetra-polar Bio-electrical Impedance Analysis
[14] was performed in the morning following an overnight fast.
Patients adopted a supine position with arms spread apart from
the body and legs separated. An 800 j.tA (50 kHz) alternating
current was passed through two electrodes placed ipsilaterally on
the dorsum of the right hand and foot. Recording electrodes were
placed on the same side of the body approximately 5 cm proximal
to the current input electrodes. Resistance (fl) was obtained using
a BEI-1O1A body composition analyzer (RJL-Systems, mc, De-
troit, MI, USA). TBW was calculated using the manufacturer's
software (Bodycomp II, version 1.1; RJL-Systems, mc).
(iv) D20 method. Direct measurement of total body water
(TBW) was performed with the isotopic dilution technique using
tracer doses of D20 analyzed in plasma water. Following an
overnight fast, 10 ml of venous blood was drawn immediately
before the oral administration of 15 g of D20 (99.9% purity)
mixed with deionized water (100 ml). After a two hour equilibra-
tion period, during which time the patient remained fasting and
no urine or feces were passed, a second 10 ml sample of venous
blood was collected. Plasma water concentrations of D20 were
analyzed in triplicate using the Fourier Transform Infrared
(FTIR) analysis technique [15]. A 4% correction was applied to
account for displacement of plasma water by dissolved protein
[16]. An additional 3% correction was applied to account for
Deuterium exchange with non aqueous body components [171.
Phantom reproducibility measurements demonstrated an intra-
and interassay coefficient of variation of 3% [18].
Anthropometric measures included weight, height and subscap-
ular, suprailiac, biceps and triceps skinfold thicknesses. Weight
was measured to the nearest 0.1 kg. Height was measured with a
stadiometer to the nearest 0.5 cm. Skinfold thicknesses were
measured according to the anthropometric standards of Lohrnan,
Roche and Martorell [19]. The percentage of body fat mass was
calculated from the tables of Dumin and Womersley [20]. Body
mass index was calculated as weight(kg)/height2(m).
A four compartment model of body composition, comprising
total body water (TBW), total body protein (TBPr), total body
bone mineral (TBBM) and glycogen was used to establish fat free
mass (FFM) as the sum of these four components for each
individual patient [21]. TBW was measured by D20 dilution [15].
TBPr was calculated from total body nitrogen measured by in vivo
neutron activation analysis [22]. TBBM was estimated by dual
energy X-ray absorptiometry [23] and glycogen was calculated as
4.4% of TBPr [24]. Percentage hydration of FFM was then
calculated.
Analysis
For the whole group (N = 20), Pearson's correlation coefficient
was used to determine the statistical significance at P < 0.05 of
linear correlations between corresponding measurements of TBW
and Kt/V week1. A paired Student's t-test was applied to
determine the significance at P < 0.05 of intermethod differences
between group-mean measures of TBW and Kt/V week1. The
intermethod analysis for TBW was also repeated using ANOVA
with a Bonferroni correction. Measurement bias was calculated as
the average of TBW measured by the method of interest less
TBW measured by the method of D20 dilution. The significance
of measurement bias was estimated by determining the associated
95% confidence interval (CI). To estimate the suitability of
interchanging one method with another, limits of agreement
(LOA) were determined using the method of Bland and Altman
[25]. This test measures the degree of agreement between meth-
ods by defining the 2 SD limits about the measurement bias.
Patients were then divided into groups with percent body fat
within the normal range (Nonobese, N = 9) and over the normal
range (Obese, N = 11); the normal range of percent body fat is
15% to 25% for males and 20% to 30% for females [20]. Similarly,
patients were classified into normal weight (BMI < 26 kg/m2; N =
9) and overweight (BMI > 26kg/rn2, N = 11) subgroups. The nine
Nonobese patients were not exactly the same nine patients who
were Normal Weight, and similarly the 11 Obese patients were
not exactly the same as the 11 Overweight patients. The same
statistical analyses were then repeated on the subgroups.
All statistical analyses were performed using the Instat2 pro-
gram (for IBM compatible PCs) from GraphPad Software (Ver-
sion 2.02, 1990—1993, San Diego, CA, USA).
Results
The clinical characteristics of the patients are listed in Table 1.
As a group, our CAPD patients were overhydrated (% hydration
FFM = 76.6 2.5) when compared with a normal reference value
of 72% [26].
Total body water
Results from the statistical analysis of TBW measurements for
the whole group (N = 20) are shown in Table 2. The average
measure of TBWD2O for the whole group was 38.8 9.3 liter.
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Table 1. Clinical characteristics of patients
[N = 20J(M/F)(6/14) Mean SD Range
Age years
Duration of CAPD months
BMI kg/rn2
Percent fat mass
Percent hydration fat free mass
58
29
26.4
29.8
76.6
11
31
5
5.5
2.5
33—77
6—112
17.5—41.2
22.1—42.1
71.1—79.8
A
Clinical characteristics of continuous ambulatory peritoneal dialysis
(CAPD) patients included in the study group.
Table 2. Total body water measurements for the whole group
S
N=20 D20 BIA WV 58%
Mean
SD
(liters)
38.8
9.3
37.1
9.8
NS
34.6
6.8
P < 0.01
42.6
9.4
P < 0.05
r value
P
0.80
P<0.0001
0.75
P<0.0O1
0.62
P<0.005
Bias
liters
95% CI
liters
LOA
liters
—1.71
+ 1.10
—4.53
+ 10.32
—13.75
—4.21
—1.33
—7.09
+8.09
—16.51
+3.82
+7.62
+0.02
+20.06
—12.42
0 10 20 30 40 50 60 70
BIA total body water, liters
B
0 10 20 30 40 50 60 70
WV total body water, liters
C
Total body water measurements by D20, BIA, Watson equation and
58% body weight for the study group. All comparisons (and P values) are
in reference to D20. (NB: 95% CI = 95% confidence limits; LOA = limits
of agreement).
Intermethod comparisons of group mean values of TBW showed
no significant difference between TBWBIA and TBWD2O, but
significant differences between TBWWV and TBWD2O (P <
0.01), and between TBW58% and TBWD2O (P < 0.05). These
comparisons were repeated using the Bonferroni test with the
result that only the TBWWV was significantly different from
TBW58% (P < 0.05; data not shown). Figure 1 displays the
correlation between TBWD2O and each of the other three
estimates of TBW. TBWD2O demonstrated a strong to moderate
linear correlation with TBWBIA (r = 0.80, P < 0.0001), TBWWV
(r = 0.75, P < 0.001) and TBW58% (r = 0.62, P < 0.005).
Measurement biases of —1.72, —4.21 and +3.82 liters were
observed for TBWBIA, TBWWV and TBW58%, respectively.
Notably, the 95% CI for TBWWV(—7.09 to —1.33 liter) and
TBW58% (0.02 to 7.62 liter) did not include zero. Limits of
agreement for TBWBIA (—13.75 to + 10.32 liter) and TBWWV
(—16.51 to +8.09 liter) were comparable, but smaller than those
for TBW58% (—12.42 to +20.06 liters) (Table 2 and Fig. 2).
Table 3 contains results from the statistical analysis of TBW
measurements for patients grouped according to percent fat mass.
The linear correlation between TBWBIA and TBWD2O, al-
though moderate for the Obese group (r = 0.67, P = 0.02),
strengthened for the Nonobese group (r = 0.93, P < 0.001).
However, the linear correlation between TBWWV and TBWD2O
remained moderate for both Obese (r = 0.61, P = 0.04) and
Nonobese (r = 0.89, P < 0.01) groups. Likewise, the linear
correlation between TBW58% and TBWD2O, although not sig-
nificant for the Obese group, was moderate in strength for the
Nonobese group (r = 0.86, P < 0.01). Measurement bias for
TBWBIA decreased from —2.67 liter (Nonobese) to —0.94 liter
.
0 10 20 30 40 50 60 70
58% total body water, liters
Fig. 1. Correlation between TBJ'VD2O and (A) TBWBL4 (r = 0.80); (B)
TBWWV(r = 0. 75); and (C) TBW58% (r = 0.62). Obese (•) and nonobese
(0) patients are identified separately. The correlation co-efficient plot is
demonstrated alongside the line of identity.
(Obese). Conversely, measurement biases for TBWWV and
TBW58% were observed to increase in magnitude. The 95% CI
range for the measurement bias approximated 10 liters and
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were greater in both the Obese and Nonobese groups in compar-
ison to the other methods.
Similarly, statistical analysis of TBW measurements for patients
grouped according to BMI (data not shown), showed strong linear
correlations between TBWD2O and TBWBIA, TBWWV and
Mean + 2 SD TBW58% for the Normal Weight group. No significant lineara correlations were observed in the Overweight group. As observed
2 I —I_ , for the Obese and Nonobese groups, the limits of agreement were
- Mean greatest for each method when applied to the Overweight group.
In particular, the limits of agreement between TBW58% and
Mean —2 SD TBWD2O were greatest for both Overweight and Normal Weight
groups.0 10 20 30 40 50 60 Figure 3 depicts intermethod differences between TBW by
Mean total body water of BIA and D20, liters different methods relative to TBWD2O versus individual mea-
sures of percent body fat, thus demonstrating that as body fat
increases the methods for estimating TBW result in increasing
error compared to D2O. In general, patient distribution of
B differences within the group reflects the distribution of group
mean values of TBW, namely that TBWBIA is less than TBW58%
and greater than TBWWV. In addition, the distribution of
differences for the whole group also suggests the magnitude of the
>.O bias for TBWBIA to be smaller than either the positive bias ofTBW58% or the negative bias of TBWWV; this observation
Mean + 2 SD agrees with the measured biases of Table 2.
U I I I Kt/Vweek1
— So Mean
—10 Table 4 shows results from the statistical analyses of Kt/V
—15
________________________ Mean —2 SD week1 measurements for the whole group. KtIV week1 D2O
—20 showed a moderate linear correlation with Kt/V week' BIA (r =
0 10 20 30 40 50 60 0.80, P < 0.0001), KtIV week1 WV (r = 0.72, P < 0.0003) and
Total body water of WV less D20, liters Kt/V week1 58% (r = 0.68, P < 0.005). The group mean value of
Kt/V week1 58% was significantly different from Kt/V week1
D2O (P < 0.05) and Kt/V week1 WV, respectively (P < 0.05,
data not included in Table 4).
C The statistical analysis of Kt/V week1 for the Obese and
35 Nonobese subgroups are shown in Table 5. The Nonobese group
30 5 showed strong to moderate correlations for KtIV week' BIA (r
25 = 0.93, P < 0.0005), KtIV week' WV (r = 0.83, P < 0.01) and
20 Mean + 2 SD Kt/V week1 58% (r = 0.80, P < 0.01); these r values are better
15 than those for the whole group. However, for the Obese group,
10 0 these coefficients remained moderate in strength for KtIV week1
2 5 Mean BIA (r = 0.74, P < 0.01), Kt/V week1 WV (r = 0.67, P < 0.05)
0 I ° 5 -' and Kt/V week' 58% (r = 0.62, P < 0.05). There were no
—5 significant intermethod differences for Kt/V week1 relative to
—10
__________________________
the D20 dilution method.
—15
Mean — 2 SD The statistical analysis of Kt/V week1 for both Normal Weight
—20 and Overweight groups (classified according to BMI) showed that0 10 20 30 40 50 60 comparisons of correlation coefficients between methods and
Mean total body water of 58% and D20 groups were similar to those observed for Nonobese and Obese
liters groups (data not shown).
Fig. 2. Limits of agreement by Bland and Altman analysis for measurements
of TBW by the different methods compared to the reference method (D20). Discussion
The obese (•) and nonobese (0) patients are separately identified. Previous reports of the application of Kt/V as a measure of
dialysis adequacy in CAPD patients have yielded inconsistent
results. We believe that a significant proportion of the discrepan-
cies arise from the errors in estimating TBW.
included zero for all intermethod comparisons with D20, in both The results of this study show that TBWBIA agrees more
Nonobese and Obese groups. In general, the limits of agreement closely with TBWD2O than either TBWWV or TBW58%. This is
were greatest for each method when applied to the Obese group. supported by the stronger correlation coefficients (closer to the
Also, the limits of agreement between TBW58% and TBWD2O line of identity) for the whole group and the Obese and Nonobese
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Table 3. Total body water measurements according to percent fat mass
Nonobese (N = 9) Obese (N = 11)
D20 BIA WV 58% D20 BIA WV 58%
Mean
SD
liters
39.1
10.1
36.4
11.3
NS
35.7
7.5
P < 0.05
41.2
9.2
NS
38.6
9.1
37.6
9.0
NS
33.7
6.5
NS
43.8
9.8
NS
r value
P
0.93
<0.001
0.89
<0.01
0.86
<0.01
0.67
0.02
0.61
0.04
0.44
NS
Bias
liters
95% CI
liters
LOA
liters
—2.67
+0.55
—5.88
+5.71
—11.04
—3.42
+0.25
—7.10
+6.14
—12.99
+2.13
+6.05
—1.78
+12.33
—8.06
—0.94
+3.97
—5.84
+13.67
—15.54
—4.85
+0.02
—9.73
+9.65
—19.36
+5.20
+11.91
—1.51
+25.18
—14.78
Total body water (TBW) measurements by the different methods for the patients according to % fat mass (normal fat mass: male 15—25% and female
20—30%). All comparisons are in reference to D20.
subgroups, and a mean TBW value (whole group) that was not
significantly different from that measured by the D20 dilution
method. Measurement biases and limits of agreement were either
smallest or comparable to the smallest in value for the whole
group and subgroups.
Conversely, TBW58% showed poorest agreement with
TBWD2O, predominantly overestimating TBW and, as demon-
strated in Figure 1, produces greater disparity as body weight
increases. This is evident from correlation coefficients that were
either smallest in value or not significant for the whole group and
subgroups, and a mean value of TBW (whole group) that was
significantly different from that measured by the D20 dilution
method. Limits of agreement were also largest for the whole
group and subgroups.
Calculations of KtIV week1 were highest from TBWWV and
lowest from TBW58%. Using the 58% method, 60% (12 of 20) of
the patients in this study had KtIV week1 under 1.7, which is an
index below which dialysis is considered inadequate in CAPD
[27], while 40% (8 of 20) and 45% (9 of 20) patients were below
KtIV week1 1.7 by the D20 and BIA methods, respectively.
Conversely, WV overestimated Kt/V week1 as only 25% (5 of
20) of the patients were classified under 1.7. This resulted in the
N=20 1)20 BIA WV 58%
Mean
SD
1.87
0.5
1.89
0.4
NS
2.03
0.5
NS
1.68
0.4
P<0.05
r value
P
0.80
P<0.0001
0.72
P<0.0003
0.68
P<0.005
Bias
95% CI
LOA
—0.02
+0.17
—0.13
+0.68
—0.61
+0.16
+0.01
—1.14
+0.57
—0.89
—0.19
+0.36
+0.03
+0.90
—0.51
group mean value of Kt/V week' 58% being significantly less
than that of Kt/V week1 D20 (P < 0.05) and Kt/V week1 WV
(P < 0.05, data not included in the table). This can be explained
by the fact that water is confined to fat free mass and as fat mass
C
a)
C.)Ca)
V 00.0
—
a)...
a)
C
35
30
25
20
15
10
5
0
—5
—10
—15
—20
L. 0
0 0
20
0
25 30 35 40
Percent body fat
Fig. 3. Intermethod differences between TBW for
each method relative to TBWD2O versus
individual measures of percent body fat for each
patient; thus each column of 3 points represents
measurements in a single patient [(A) TBW58%
- TBWD2O; (•) TBWBIA - TBWD2O; (D)
TBWWV - TBWD2O].
Table 4. KtIV week1 for the whole group using different volumes (V)
of total body water
Kt/V week1 calculations for the whole group using different volumes
(V) of total body water (TBW) obtained by the different methods.
Comparisons are in reference to D2O.
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Table 5. Kt/V week' according to percent fat mass
Nonobese (N = 9) Obese (N = 11)
D20 BIA WV 58% D20 BIA WV 58%
Mean
SD
1.92
0.4
1.99
0.5
NS
2,01
0.5
NS
1.77
0.4
NS
1.83
0.5
1.80
0.4
NS
2.05
0.5
NS
1.60
0.4
NS
r value
P
0.93
<0.0005
0.83
<0.01
0.80
<0.01
0.74
<0.01
0.67
<0.05
0.62
<0.05
Bias
95% CI
LOA
+0.07
+0.08
—0.21
+0.31
—0.45
+0.09
+0.12
—0.30
+0.45
—0.68
—0.15
+0.36
—0.05
+0.68
—0.38
—0.03
+0.26
—0.21
+0.73
—0.67
+0.22
+0.07
—0.51
+0.64
—1.08
—0.23
+0.51
—0.06
+1.07
—0.62
Kt/V week1 calculations for the patients according to % fat mass (normal fat mass: for male 15—25% and female 20—30%), using different volumes
(V) of total body water (TBW) obtained by the different methods. Comparisons are in reference to D20.
has no water; therefore, V measured as 58% body weight will be
over estimated in obese patients, thus underestimating Kt/V.
Although there were differences in TBW with the various meth-
ods, this did not translate into statistically significant differences in
Kt/V except for the 58% method.
These results clearly demonstrated that significant errors oc-
curred with some methods of estimating TBW, and that the errors
were larger in obese patients. These discrepancies were thought to
be due to the difference in percent body fat in CAPD patients with
different body habitus.
Our data are consistent with the findings of Tzamaloukas et al
[28] who demonstrated that in CAPD patients, excessive body
weight affected the estimation of V and Kt/V, but in that study,
they used 60% body weight, the Watson equation and the Hume
equation for TBW measurements. When the Hume equation [29]
was applied to TBW measurement in our patients (N = 20), the
group mean value of TBW (Hume) was 35.2 7.3 liter, which was
not significantly different from the group mean valUe of TBWWV
(34.6 6.8 liter). Also, measurement bias (—3.57 liter) and limits
of agreement (+20.5 to —27.6 liter) for TBW (Hume) were of
similar magnitudes as those of TBWWV (bias — 4.21 liter and
Limits of agreement + 8.09 to —16.51 liter, respectively). Thus,
our study has shown that TBW based on calculations using a fixed
fraction of body weight or equations utilizing anthropometric
measurements are not appropriate for TBW measurements in
CAPD patients, particularly in obese patients.
Kong et al [30] compared TBW measurements by BIA against
the Tritium dilution method in a group of CAPD patients and
found that there was good correlation between the two tech-
niques. However, they also reported that the limits of agreement
for TBW measurements between BIA and Tritium dilution were
wide (+6.18 and —8.38 liter).
Our study found a similar good correlation between TBWBIA
and TBWD2O. The limits of agreement in the whole group were
smallest between TBWBIA and TBWD2O. However, these limits
of agreement demonstrate that TBWBIA may be as much as 10.3
liters higher or 13.8 liters lower than TBWD2O. This range of
variation when compared to a group mean TBWD2O value of 38.8
liter suggests that the range of intermethod difference for TBW
measurements may be as high as 60% of the true value of TBW.
If clinical measures demand a measurement precision of <5%
then BIA does not provide results close enough to those of D20.
This conclusion applies equally to TBWWV, TBW58%, and to
individuals with percent fat above the nonnal range.
Kong et al suggested that peritoneal fluid was outside the field
of electric current and therefore was not detected by BIA [30}. On
the other hand, most body water is located elsewhere than in the
peritoneal cavity. However, BIA may not be sufficiently accurate
in assessing body composition on an individual basis where there
is a distortion of water balance. This may be due to the fact that
all equations depend on the drawbacks of the reference methods
and the reference population from which they were originally
developed. Our results show that CAPD patients are overhy-
drated. Also, unpublished data from our center indicate that there
is a shift in the distribution of water compartments in this group
of patients [Intra-cellular water (ICW) = 56%, extracellular
water(ECW) = 44%] which may have compromised the accuracy
of total water measurements, as suggested by Deurenberg [31],
who presented evidence that changes in body water distribution
resulted in a different relationship between body impedance and
body composition, in that, total body impedance is dependent on
the ratio ECW to ICW. CAPD patients, as in the subjects in this
study, tend to retain extracellular water and thus have a lower
body impedance. Thus, distortions or differences in relative
distribution of water compartments in CAPD may have con-
founded the accuracy of the impedance measurement.
In conclusion, BIA is not sufficiently accurate for TBW mea-
surements in individual CAPD patients despite good correlations
for populations. Although the 58% method consistently overesti-
mates TBW (or V), it results in consistently underestimating KtIV
which is less of a clinical problem than overestimating Kt/V. In
situations when information from urea kinetic modelling does not
correlate with clinical parameters, it is recommended that the
effect of body composition on the estimation of V be evaluated by
such validated techniques as D20.
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